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,SUMMARY 
In two experiments attempts were made to modify the character 
of the body fat of rats receiving soybean oil in their diet. 
In the first experiment 14 lots of 6 rats each (each rat indi-
vidually caged, fed and attended) were fed a diet composed of 50 
percent solvent process soybean oilmeal, 2 percent yeast, 1.5 percent 
salts, 10 percent soybean oil, codliver oil concentrate (Upjohn) and 
cane sugar to make 100 percent. To this diet was added certain ad-
juvants which might have some effect on fat metabolism. Of the 
13 adjuvants fed, carotene, bile salts, agar-agar, sodium fluoride 
and calcium chloride probably induced the deposition of fats with 
somewhat lowered iodine values. 
, In the second experiment six lots of seven rats each, managed as 
indicated above, were fed approximately the same diet as noted 
above except that starch replaced the cane sugar. To this diet was 
a~ded carotene at three levels; or choline chloride (Merck) or 
nicotinic acid at levels of 1 percent of the diet. None of these 
adjuvants influenced greatly the iodine numbers of the deposited 
body fats. 
'.:' The difference in the results obtained in the two experiments 
where carotene was fed are discussed. 
· The Effect of Various Adjuvants to 
the Diet of Rats on the Changes 
in Body Fats Induced by 
Feeding Soybean:Oil1 
By J. A. SCHULZ AND B. H. THOMAS 
The early researches of Ellis, Hankins and associates and their 
extensive cooperative investigations on soft pork production (10, 
13, 14) definitely established the fact that swine tend to transfer 
to body depots the type of fat fed them. Many other investigations 
in this and other countries have shown that when swine are fed 
more than minimal amounts of "softening" fats the body fat of the 
hog will be softer than usual, when considered practically, unless 
the feeding of such fats is discontinued at an early age and a more 
"hardening" feed mixture is substituted (5,15, 16,26). 
Anderson and Mendel (1) checked some of the work of Ellis and 
associates. Th~y used rats as the experimental animals and found 
that rats tend to deposit fats in much the same manner as do fatten-
ing hogs. They found, as did Ellis and Hankins with hogs, that as 
the rats grew the fats deposited became harder, and that when 
certain vegetable oils, such as soybean, corn and peanut oils were 
fed the fats deposited became softer and had higher iodine numbers. 
They further found that when rats fed thus were fasted until they 
had lost approximately one-fourth of their body weights, and then 
for a period of time were fed a diet having a smaller percentage 
of fat, the fats found subsequently in the body were harder and 
had lower iodine values. The above authors have also published 
other papers (18a, 19a) in which investigations they utilized the 
rat as a satisfactory subject for the study of fat metabolism. 
Sinclair (17, 22) stated that the iodine numbers of the neutral 
deposited fats tend to rise in proportion to the iodine numbers of 
the fats fed but not strictly. so. Also some of the work of Barbour 
(2, 3) and Chaikoff (7) should be considered. Robinson, Gray 
and Newton (20) fed to rats diets modeled after typical swine 
rations (but so modified as to be suitable for rats) in which were 
included 5, 10 and 20 percent of ground soybeans. They found 
that the iodine numbers of the body fats of the rats were con-
siderably higher than those of the body fats of pigs fed similar 
rations. 
Schoenheimer and Rittenberg (21) in their brilliant series of 
researches have proved, by incorporating deuterium as an indicator 
, 
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into the fats fed to mice, that deposited fat is not the relatively 
inert material it was once regarded. Their data showed that in 
both the liver and the depots, fat is undergoing constant and rapid 
changes. These authors proved beyond a doubt the thesis long 
held, that desaturation of the fatty acids in the liver was the first 
step in the breakdown of the fatty acids. They also stated that 
while it was probably the more natural function of the liver to 
desaturate and break down long chain fatty acids into shorter 
ones, it was also possible for the organism, under certain conditions, 
to hydrogenate or saturate unsaturated fatty acids. Stetten and 
Schoenheimer (24) further reported that when palmitic acid was 
fed to rats, some of it was converted to stearic acid, thus lengthen-
ing the chain of carbon atoms by two. 
The researches of Channon and associates (6, 9) present some 
new views to this problem, demonstrating that n-hexadecane was 
very efficiently absorbed from the alimentary tract of the rat and 
the cat, and partially deposited as such in the tissue lipids, where its 
presence decreased the iodine numbers of such lipids. Furthermore, 
this hydrocarbon was partially oxidized, presumably in the liver, 
to fatty acids. , These observations have been confirmed recently 
by Stetten (34), who fed n-hexadecane containing deuterium. By 
appropriate analyses of the lipids, Stetten proved that this paraffin 
hydrocarbon can be absorbed from the alimentary tract of rats and 
that much of it may be oxidized to fatty acid in the body and used 
as such. Stetten (25) also has reported that the acetates of cetyl 
and octadecyl alcohols are readily absorbed by "normal" rats and 
rapidly converted to saturated fatty acids of the same carbon chain 
length. 
Frazer (11) 'found that fats are absorbed from the intestinal 
tract both as fats and as fatty acids and that fats as such traveled 
largely through the lacteal lymphatic route, short circuited the liver 
and thus passed more or less directly into fat depots. Frazer. 
Stewart and Schulman (12) found that finely emulsified liquid 
paraffin could be absorbed from the alimentary tract as well as 
neutral fats. 
Nowhere in the extensive literature on fat metabolism, including 
that of the production and prevention of fatty livers in rats, have 
the authors foun~ an absolute interdiction of the idea that it 'might 
be possible to feed to the animal substances which would in some 
way modify the normal fat metabolism so that fats of a firmer 
and mote desirable consistency could be produced. Schoenheimer 
and 'coworkers (21, 24) have shown that modifications in normal 
fat metabolism take place naturally. Also, in the earlier work of 
Ellis (10), Anderson and Mendel (1). Sinclair (22), etc., whenever 
fats of high iodine value were fed, the animals deposited fats of a 
somewhat lower iodine value.. When fats of a low iodine value, 
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such as coconut oil or butter, were fed, the deposited fats had 
higher iodine values than those of the fats fed. 
The work reported in this paper was initiated in the hope that 
some substance or "adjuvant" might be found which, when fed 
to rats receiving a diet containing a "softening" fat, would tend to 
modi fy the normal fat metabolism so that the body fat of such 
rats would be of firmer consistency than that of rats similarly fed 
but containing no such adjuvant in the diet. 
The basal diet had a softening effect by virtue of the fact that it 
contained 10 percent soybean oil, and it was to this diet that the 
various. substances chosen as adjuvants were added. An additional 
group of rats received no oil, so that fat deposited by them would 
be of maximum firmness. Another group of rats received soybean 
oil amounting to 30 percent of the diet to ascertain if the fat de-
posited by these rats would be notably softer than fat deposited by . 
rats receiving the basal (10 percent soybean oil) diet without 
adjuvants. . 
Finally, it was considered that if these experiments with rats led 
to the discovery of adjuvants which would favor the deposition 
of firm body fats, under the conditions described, such adjuvants 
might be used in studies in which fattening hogs would be utilized 
as the experimental animals. 
EXPERIMENT AL 
GENERAL PROCEDURES 
This study was conducted in two parts. In the first part numer-
ous adjuvants were incorporated in the diet to determine whether 
any excelled for the purpose intended. Based on results obtained 
from the first trial, the second trial was limited to testing a few 
acljuvants which at the time seemed to offer the most promise. 
In both tests the kind of rat, the method of feeding and manage-
ment, and the rat-salvaging procedure used were essentially 
identical. The tests were conducted in a well-ventilated laboratory 
which was maintained at approximately the same temperature 
throughout the tests. Each test lot consisted of six or seven young 
rats of both sexes and ranged in weight from 60 to 80 grams when 
taken from the stock colony. In the second trial only male rats 
were· used. Each rat was fed and cared for in an individual metal 
cage with 0 inch wire mesh bottom. All rats used in each trial 
were started on feed at approximately the same time. The rats 
used in the first trial were fasted for 48 hours before they received 
the experimental feed, but in the second trial the rats were fed 
the experimental diets as soon as they were placed on test. Each rat 
received his feed ad libitum from an approximately "non-spilling" 
feeding device, which consisted of a 2-ounce "vaseline" jar that 
contained the feed, placed within a widemouthed 8-ounce "mayon-
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naise" jar, which was wired to the side of the cage. The rats 
balanced themselves on the edge of the outer jar while eating, but 
rarely carried food to the top of the outer jar. The small amount 
of feed they spilled was easily recovered from the paper towels 
which lined the trays over which the cages were suspended. The 
rats were weighed daily during the first week, then semi-weekly, 
and later, weekly. 
All excepting three groups of rats, two of which were fed 
positive and one negative control rations, were fed a basal ration 
consisting of solvent extracted soybean oilmeal 50 percent, soybean 
oil 10 percent, salt mixture (table 1) 1.5 percent, yeast 2 percent 
or yeast concentrate 1 percent, and variable amounts of sugar or 
starch to make a total of 100 percent. The different adjuvants 
tested replaced equal weights of sugar or starch in the basal diet 
where more than 1 percent of the adjuvant was fed, otherwise the 
adjuvant was merely added to the basal ration (see table 1). Con-
sequently in the 17 rations fed, the percentage of sugar or starch 
ranged from 0 to 46.5 in the case of the lactose and positive control 
rations, respectively. The adjuvants used were chosen because of 
their physiological oxidative or reductive properties, or because 
they had previously been linked experimentally at some time with 
fat metabolism. 2Table 1 presents the diets fed. 
The rats were kept on test until they ceased growth or until 
after they had reached a weight of approximately 250 grams. Con-
sequently, the number of days the rats were on test varied from 54 
to 110. 
-As each rat was removed from the experiment it was lightly 
anesthetized with illuminating gas, carefully decapitated and the 
blood saved by permitting it to flow into a Bailey Walker fat ex-
traction flask which contained 35 ml. CZH 50H (95 percent), 5 ml. 
water, and 4 grams solid KOH. The liver of each rat was removed 
and placed into a flask similarly prepared. The intestinal tracts of 
the rats were then removed and the bodies of the rats minus liver, 
blood and intestinal tracts were frozen and stored under refrigera-
tion at -20°C. The frozen bodies were later cut into small pieces 
and ground through a small meat grinder. Two or three tightly 
2SpecifiealIy: I-cystine. dl-methionine, "choline chloride," niacin and casein Were 
used as adjuvants because of their wide use in studies of fatty livers In rats. Casein 
was also used because the effect of additional protein in the ration might be of interest. 
Carotene and ascorbic acid were used because of their reductive action in the body. 
The calcium salts were used-one alkaline, one acid nnd one neutral because early 
work with children has indicated that the formation of calcium soaps in the intestinal 
tract influences fat absorption and excretion. Bile salts were also used because of 
their nossible effect on the digestion of fat. Lactose waS fed because it alters the 
ftora of the intestinal tract. 
Agar and charred alfalfa were used with the idea that additional "bulk or 
roughage" might affect the digestion of fats; in addition "charred substances" have 
been reported to have some influence on fat digestion. 
Sodium ftuoride, although toxic, was used because extensive studies on fluorine 
toxicoBi. in this laboratory had indicated that the body fat of rats receiving fluorides 
frequently appeared to be altered. 
TABLE 1. ADJUVANTS FED AND AMOUNT OF EACH WHICH WAS ADDED TO, OR WHICH REPLACED SUGAR OR STAROH 
IN, THE BASAL DIETS.A 
Experiment No. I 
Lot no. 
S It 
S 2t 
S 3 
S 4 
S 5 
S 6 
S 7 
S 8 
Adjuvant and amount in diet 
Positive control. " ................ . 
Basal diet ........................ .. 
Charred alfalfa meal. ............... . 
I-cystine ......................... . 
dl-methionine ...................... . 
Ascorbic acid ...................... . (B) Bile salts ...................... . 
Sodium fiuoride .................... . 
Amount 
o soybean oil 
·······200/.,····· 
0.5% 
0.5% (per rat) 25 mgs. per day 
0.5% 
.05% 
Lot no. 
S 9t 
SIO 
Sl1 
S 12 
S 13 
S 14 
S 15 
S 16 
Adiuvant and amount in diet 
Negative control. ............. .' .... . 
Agar ..... • ................. _ ....... . 
Casein ............................ . 
(C) Carotene ...................... . 
CD) Calcium carbonate .............. . 
(D) Calcium chloride ............... . 
(D) Calcium lactate ................ . 
Lactose replaced all sucrose ..... '.' .. .. 
Amount 
30% soybean oil 
10% 
20% (per rat) . 0140 gm. per week 
2% or 1~ 
2.2%or 1.1'1. 
6.2% or 3.1% 
36.5% 
Experiment No. II 
S 17t 
S 18(G) 
S 19 I 
Basal diet. ........................ '1 
Choline chloride (Merck) ............ . 
Niacin (nicotinic acid) .............. . 
(A) Basal diets 
*:~~~~~t~~:~~I:::::: ::::::::::::::::::::::::: ~ 
yeast ......................................... 
Yeast concentrate .............. ... " ........... 
Cane sugar .................................... 
Starch ..................................... .' .. 
Total. ...................................... 
.... ii, ...... 
:% 
Expt No. I Expt No. II 
50% 50% 
10% 10% 
1.5% 1.5% 
2% a 
36:50/., 
1.0% 
37:50/., .... 
100% 100% 
Each rat received weekly three drops of codliver oil concentrate. 
'Soybean oilmeal = solvent extracted meal containing 0.6% fat. 
"Salt mixture SI fed all lots of rats except Lot S14=CaCO. 65, bone-
meal 20, NaCI 20, ferrie citrate 4.6, KI 0.05. 
Salt mixture S2 fed Lot SI4=CaCI. 55, Ca. (PO.). 20, NaCl 20, ferric 
citrate 4.6, KI~. '''DS- . 
CaCIo replaced CaCO. In this salt mixture since acid conditions in the 
rats' intestinal tract were desired (4). 
tThese diets contained no adjuvant. 
S 20 
S 21' 
S 22 
(E) Carotene ....................... 1 
CE) Carotene ...................... . (E) Carotene ............. 00 ....... . 
.0140 gm. per rat .0070 ~ 
. 0280 per week 
(B) Bile salts="Dlfco special for McConkey's agar." 
(C) Carotene trial 1. 1 gm. carotene was dispersed in 36 gms. coconut 
oil to which 7 mg. pyrogallol had been add.,,! as an antioxidant. The 
cal'otene suspension was kept in a solid state in the refrigerator 
and each rat received 0.6 gm. of the solidified oil, bearing .014 sm. 
carotene per week. 
(D) Rata in lots S13, S14 and S15 were not eating or growing well after 
one month on test; therefore, the percentages of calcium .salts in 
the diets fed as adjuvants were halved. Feed consumptIon and 
growth were then improved. 
~E) Carotene trial No.2. Dispersed in soybean oil. 
Gl Choline chloride (Merck) is Drobably the hydrochloride. but is 
referred to as choline chloride throughout the text. 
0\ 
eN 
eN 
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folded paper towels followed the body of each rat through the 
grinder and served to recover the last portions of the rat adhering 
to the machine. The towels did not become badly macerated since 
they were not forced through the grinder. 
As each rat was ground, it was placed into a 750 ml. pyrex 
Erlenmeyer flask, together with 400 ml. water. A small beaker 
was inverted over the mouth of the flask and the resulting sus-
pension was autoc1aved at 20-25 lbs. for 15-20 hours. While still 
hot the liquid was decanted through a Buchner funnel into another 
750 ml. flask, the meat residue was washed several times 
with boiling water and this liquid was also decanted through 
the funnel into the same flask. The aqueous solution was then 
separated from the fat by means of a separatory funnel. After the 
fat had been washed several times with hot water it was allowed to 
run into a SO mI. Erlenmeyer flask with the aid of a little diethyl 
ether. The separatory funnel was washed free from adhering fat 
with diethyl ether, and the ether solution of fat was separated from 
the water and detritus. After the original flasks and aqueous 
solutions were again washed several times with small amounts of 
ether, the combined ether solutions were evaporated to small 
volumes and thoroughly dried with sodium sulfate. The water 
free ethereal solutions of fat were then filtered from the sodium 
sulfate; and the flasks, sodium sulfate and filter papers were 
washed with small amounts of anhydrous ether. After a preliminary 
evaporation of the ether solutions, either at a low heat or at room 
temperature, the flasks or vials were placed in a vacuum desiccator. 
and the remaining ether was removed by a continuous evacuation 
at room temperature. After all the ether was removed (24-48 
hours) carbon dioxide was introduced into the desiccator, and the 
fats were stored under an atmosphere of carbon dioxide in the 
freezing compartment of a refrigerator until wanted for analysis. 
The sizes of the flasks and vials used for the storage of the fats 
varied with the volumes of the fats, to further minimize oxidation 
by air replacing the carbon dioxide, if the carbon dioxide escaped 
from the flasks. 
The blood and liver of each rat were saponified separately over-
night in Bailey Walker flasks over the low heat of electric hot 
plates. The solutions were then evaporated to small volumes to 
remove the alcohol, water was added, and the resulting solutions 
were extracted with diethyl ether to remove the sterols and other 
non saponifiable fractions. These ether extracts, after being washed 
with water and dried with sodium sulfate, were stored in ether 
solution for analysis later. 
The alkaline water solutions of the blood and livers were acidi-
fied with HCl, and the fatty acids were then extracted with diethyl 
ether. These ether extracts after being washed and dried were 
also storerl in ether solution. Before analysis, the ether was re-
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moved from both liver and blood nonsaponifiable fractions, and 
from liver and blood fatty acids in the manner previously described 
for the fats. 
Finally, the iodine numbers of the body fats of the rats and the 
fatty acids of the bloods and livers as well as those of some of the 
nonsaponifiable fractions ("nonsaps.") of the bloods and livers 
were determined by means of the Rosenmund-Kuhnhenn Method 
as modified by Mario Yasuda (27). 
EXPERIMENT I 
RESULTS 
Table 2 presents the data obtained from each rat used in Experi-
ment I, while in table 3 these data are summarized for each of the 
16 lots of rats used. 
An examination of these tables shows that the rats varied rather 
widely in their rates of gain, since most of the lots contained one 
or two individuals which gained weight exceptionally well whereas 
others grew subnormally. The best average weight increase was 
made by the rats in lot S 11 (20 percent casein) '; whereas, the rats 
in Lot S 2 (basal), those in Lot S 12 (carotene) and those in Lot 
S 9 (30 -percent soybean oil) grew at approximately equal but 
slower rates. The poorest average growth was made by the rats 
in Lot S 3 ( 20 percent charred alfalfa). Because of the methods 
used in rendering the fats from the bodies of the rats, the figures 
shown which express the weights and percentages of body fats must 
be regarded as approximations. These figures are presented only 
to show the wide differences in the amounts of fat contained in the 
bodies of these rats. 
The iodine numbers of the body fats of the rats varied con-
siderably among rats in the same lot, but apparently no more so 
than is customary ih work of this nature. The iodine numbers of 
the body fats of the rats in Lot S 1 (low fat) varied least, and the 
body fats of these rats had by far the lowest iodine values. The 
body fats of the rats in Lot S 5 (methionine) presented the 
highest iodine values, though not greatly in excess of the iodine 
numbers of the body fats of the rats in Lots S 9 (30 percent soybean 
oil) and S 2 (Basal Diet). The body fats of the rats in Lots S 4 
(I-cystine) and S 6 (ascorbic acid) also presented rather uniformly 
high iodine values. \Vith the exception of the fats from the rats 
in Lot S 1 (low fat), the body fats from the rats in Lot S 12 
(carotene) presented the smallest iodine values. A statistical study 
of the variation between treatments indicated that of the 13 ad-
juvants fed, 5 of these-carotene, agar-agar, sodium fluoride, bile 
salts and calcium chloride--may have significantly influenced 
the deposition of fats having smaller iodine values.3 
SWhilo the mean iodine numbers of the fats of the rats in thesE> th'e groups do 
not vary widely, the iodine numbers of the body fats of the rats in Lot S 12 (carotene) 
were uniformly low, a primary reason for the use of carotene in Experiment II. 
TABLE 2. DATA PERTAINING TO LIVE WEIGHT AND FEED CONSUMPTION, BLOOD AND TISSUE RELATIONSHIPS. AND 
CERTAIN BLOOD AND TISSUE ANALYSES OF RATS FED VARIOUS ADJUVANTS. EXPERIMENT NO. I 
-
Live wts. and feed consumption Blood and tissue wt. relationships Analysis of blood and tissues 
------
---- ------,-------
Lot no. No. Feed Total weights % of bodywt. 12 12 12 12 
Adjuvant days req. ------------ 12 no. no. no. no. 
rat no. on Ini- Gain Total per Liver Blood Liver no. liver blood liver blood 
and test tial Final in feed gn;t. Body Body fatty fatty non body fatty fatty non non 
sex wt. wt. wt. eaten gam fat Liver Blood fat Liver Blood acids acids saps fat acids acids saps saps 
** inwt. 
------
----------
--------------
--
----
Gms. Gms. Gms. Gms. Gms. Gms. Gms. Gms. %. %. % % % % 
51 
Low fat diet 
1 Q 89 51 180 129 882 6.9 12.3 6.7 4.5 6.8 3.8 2.5 3.6 0.7 0.2 66.9 85.4 25.5 48.3 11.2 
2d' 87 58 177 119 883 7.4 3.0 10.4 5.0 1.7 5.8 2.8 2.9 0.6 0.2 65.3 112.5 57.2 46.9 9.1 
3 Q 98 47 195 146 982 6.7 9.1 8.1 5.4 4.7 4.2 2.8 3.2 0.6 0.1 64.1 97.8 67.3 22.6 18.8 
16 d' 82 48 224 176 1073 6.1 7.8 12.1 7.4 3.5 5.4 3.3 3.0 0.6 0.1 64.0 107.1 44.9 69.1 25.2 
75 d' 85 53 189 136 898 6.6 4.9 7.0 5.9 2.6 3.7 3.1 3.3 0.6 0.1 64.8 103.9 58.7 18.8 25.4 
74 Q 55 49 154' 105 ...... 5.8 7.1 Died Died ...... ...... ...... ...... ...... ...... 64.1 113.1 . ..... 48.0 . ..... 
--
I---------------------- ----I-----
52 
Basal diet 
4 Q 98 50 177 127 832 6.5 11.6 7.2 5.7 6.7 4.1 3.2 2.7 0.6 0.3 109.1 101.6 52.5 78.8 34.1 
5 Q 98 . 55 168 113 792 7.0 7.4 8.2 4.8 4.4 4.9 2.9 2.6 0.5 0.3 106.4 105.5 55.2 84.3 41.7 
6d' 82 55 87 32 ...... 13.3 ...... 5.7 3.2 ...... 6.6 3.7 2.1 0.8 0.4 ...... 135.8 30.8 72.4 11.8 
6a d' 69 54 224 170 654 3.9 6.0 11.1 5.7 2.7 5.2 2.5 2.2 0.6 0.2 105.2 156.2 56.1 68.3 46.3 
73 r:J' 68 54 286 232 807 3.5 15.3 11.1 1.9 5.4 3.9 2.8 2.6 0.4 0.3 105.2 142.4 77.3 49.0 50.5 
80 r:J' 82 51 263 212 811 3.8 10.7 12.0 9.1 4.1 4.6 3.5 2.7 0.4 0.1 110.1 155.6 16.6 85.2 54.5 
79 II 99 51 196 145 923 6.4 8.8 10.3 5.8 4.5 . 5.3 3.0 3.0 0.5 0.3 108.9 156.2 72.7 71.1 54.6 
------
------------------
--
------------
S3 
Charred alfalfa 
7 II 94 51 131 80 709 8.8 1.8 6.6 3.8 1.3 5.0 2.9 3.6 0.5 0.3 97.1 70.2* 54.9* "'Ether con-
8 II 99 47 141 92 841 9.1 Lost 7.2 4.2 ...... 5.1 3.0 3.3 0.5 0.4 ...... 88.5* 25.9* taminated. 
9d' 94 59 206 147 940 6.4 4.5 9.2 6.2 2.2 3.0 4.5 3.5 0.4 0.3 109.2 94.6* 34.9* Figures 
78 Q 94 57 156 99 715 7.8 4.1 7.3 4.4 2.6 2.8 4.7 2.7 0.5 0.3 101.1 127.3* 36.5* much too 
77r:J' 94 54 199 145 1021 7.1 3.4 9.7 6.6 1.8 3.3 4.9 3.5 0.4 0.3 101.2 76.1* 29.4* low. 
84 r:J' 95 54 197 143 933 6.5 4.4 10.0 6.6 2.3 3.4 5.1 3.6 0.3 0.3 96.8 89.6* 35.4* 
------------
------------------
--
54 
L-cystine 
10 Q 103 53 192 139 933 6.7 5.7 8.1 4.7 3.0 4.2 2.4 3.2 0.5 0.6 104.5 60.5* 15.2* *Ether con-
119 96 57 198 141 798 5.6 8.2 9.1 4.6 4.1 4.6 2.3 3.5 0.5 0.5 108.9 70.2* 15.9* taminated. 
12 r:J' 99 52 250 198 1057 5.3 11.2 12.7 8.5 4.5 5.1 3.4 3.4 Lost 0.3 108.5 68.8* 24.8* Figures' 
83 Q 101 59 195 136 904 6.6 7.0 9.3 4.7 3.6 4.8 2.4 3.6 0.5 0.4 101. 7 68.5* 25.0* much too 
82 d' 99 52 202 150 873 5.8 5.0 10.5 5.5 2.5 5.2 2.1 3.3 0.4 0.3 100.7 66.1* 15.8* low. 
81 d' 66 51 259 208 687 3.3 13.2 13.7 8.3 5.1 5.3 3.2 2.1 0.4 0.2 110.1 92.3* 38.5* 
"'Weighta represent those: taken after rat. had been denied feed for 48 hours. 
0\ 
W 
0\ 
TABLE 2-continued 
Live wts. and feed consumption Blood and tissue wt. relationships 
Lot no. No. 
1-------
Feed Total weights % or body wt. 
Adiuvant days req. ------------
rat no. on Ini- Gain Total per 
and test tial Final in feed Sf\" Body Body 
sex wt. wt. wt. eaten gam rat Liver Blood fat Liver Blood 
** 
in wt. 
----------
------
----
Gms. Gms. Gms. Gms. Gms. Gms. Gms. Gms. % % % 
--S5 
Methionine 
13d" 91 55 201 146 898 6.2 5.0 10.8 904 2.5 SA 4.7 
14 9 96 51 169 118 800 6.7 5.4 8.7 4.6 3.2 5.1 2.7 
15 9 96 47 , 191 154 840 5.5 10.5 8.0 5.7 5.5 4.2 3.0 
88 9 102 47 200 151 856 5.7 9.3 7.2 5.5 4.7 3.6 2.7 
87 d' 89 53 227 174 895 5.2 6.4 11.1 5.8 2.8 4.9 2.6 
86 d" 94 48 207 159 903 5.7 8.0 10.8 7.0 3.9 5.2 3.4 
--------------
--------
S6 
Ascorbic acid 
16 d" 91 61 237 176 911 5.2 7.9 10.9 5.9 2.3 4.6 2.5 
17 9 110 55 180 125 898 7.2 6.7 7.0 5.0 3.7 3.9 2.8 
18 9 110 51 195 144 911 6.3 8.7 8.0 ...... 4.5 4.1 
"2:6' 85 d" 105 51 227 170 1009 5.9 7.2 10.4 6.0 3.2 4.6 
92 d" 89 55 244 189 921 4.9 8.0 12.7 7.3 3.3 5.2 3.0 
91 9 108 47 201 154 1058 6.8 13.9 6.9 5.4 6.9 3.4 2.7 
-----------
------------
S7 
Bile salts 
19 d' 91 58 193 135 833 6.1 1.7 8.2 6.3 0.9 4.2 3.3 
20 d" 118 . 62 214 184 1143 6.2 9.0 10.0 7.9 4.2 4.7 3.7 
21 9 104 61 194 142 961 6.8 7.3 8.0 5.3 3.8 4.1 2.1 
90 9 101 50 200 145 883 6.0 2.0 9.1 6.1 1.0 4.5 3.0 
89 9 106 48 197 153 1027 6.7 1.3 7.3 5.6 3.7 3.7 2.8 
96 d' 91 44 217 170 937 5.5 3.9 11.3 6.6 1.8 5.2 3.0 
--------
--------
------
S8 
NaF 
22 d" 93 53 209 156 884 5.6 2.6 9.7 5.7 1.3 4.6 2.7 
23 9 
I 
96 51 161 110 155 6.9 2.8 1.0 4.8 .1. 7 4.3 3.0 
24 d" 93 61 230 169 966 5.7 4.6 11.1 5.9 2.0 4.8 2.6 
95 9 107 48 191 143 1032 7.2 5.3 9.1 5.6 2.8 4.8 2.9 
94 9 101 55 207 152 910 6.0 8.8 9.6 6.4 4.3 4.6 3.1 
93 d" 75 55 265 210 995 4.1 11.0 12.3 6.9 4.2 4.6 2.6 
~~ Weights represent those taken after rats had been denied feed for 48 hours. 
Analysis of blood and tissues 
--------
12 12 ' 
12 no. no. 
Liver Blood Liver no. liver blood 
fatty fatty non body fatty fatty 
acids acids saps rat acids acids 
------
------
.% % % 
-- ------
3.1 0.3 0.2 108.7 114.9 45.8 
3.3 0.6 0.1 109.0 120.9 53.6 
3.2 0.4 0.1 111.4 147.9 58.2 
3.2 0.4 0.3 114.6 116.0 83.2 
3.1 0.4 0.1 112.1 122.8 85.6 
3.1 0.4 0.2 107.5 124.9 85.5 
------------
3.0 0.5 0.3 105.2 125.0 89.6 
3.3 0.4 0.4 103.4 115.0 96.9 
2.9 0.4 114.2 105.4 56.4 
3.2 0.4 0.3 102.3 119.8 116.2 
3.0 0.5 0.2 108.9 133.3 95.8 
3.3 0.5 0.5 105.9 101.8 64.4 
-----
------
3.0 0.3 0.5 104.9 132.1 83.4 
2.8 0.4 0.4 98.3 131.8 88.1 
3.4 0.5 0.5 100.5 155.6 51.8 
3.1 0.4 0.3 90.7 138.8 81.2 
3.4 0.5 100.3 159.5 82.4 
3.1 0.4 0.5 92.5 134.8 87.0 
------------
3.2 0.5 0.3 99.8 128.1 42.5 
3.5 0.4 0.3 82.9 118.2 76.8 
3.1 0.5 0.2 96.0 115.6 87.6 
2.1 0.5 0.3 104.6 149.9 92.4 
3.2 0.6 0.3 97.8 114.8 33.5 
2.6 0.5 0.1 98.4 157.9 85.7 
--
12 
no. 
liver 
non 
saps 
--
--
81.3 
77.8 
78.6 
89.7 
90.4 
75.1 
--
...... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 
. . . ~ .. 
--
79.6 
55.6 
94.6 
55.4 
66.1 
84.0 
--
12 
no. 
blood 
non 
saps 
--
--
63.8 
59.3 
65.0 
68.5 
82.5 
76.7 
--
...... 
...... 
...... 
...... 
...... 
....... 
..... 
...... 
...... 
--
...... 
...... 
58.0 
64.1 
43.0 
74.9 
0'1 
CoN 
'l 
TABLE 2-continued 
Live wts. and feed consumption Blood and tissue wt. relationships 
--,--------
Lot no. No. Feed Total weights %of body wt. 
Adjuvant days req. ------------
rat no. on Ini- Gain Total 'per 
and test tial Final in feed gm. Body Body 
sex wt. wt. wt. eaten gain fat Liver Blood fat Liver Blood 
** inwt. 
----------------------
Gms. Gms. Gms. Gms. Gms. Gms. Gms. Gms. % % % 
------------
----------
59 
30% Soy oil 
25 a' 107 49 247 198 908 4.6 19.3 9.4 7.7 7.8 3.8 3.1 
26 \l 101 49 176 127 743 5.8 9.1 7.5 4.9 5.2 4.3 2.8 
27 a' 61 65 253 188 616 3.3 10.4 12.8 9.6 4.1 5.1 3.8 
52 \l 89 51 181 130 741 5.7 7.8 8.3 5.0 4.3 4.6 2.8 
51 \l 101 54 205 151 826 5.5 17.6 7.4 6.2 8.6 3.6 3.0 
50 a' 75 53 246 210 788 3.1 10.7 11.8 5.8 4.4 4.8 2.4 
----------------------
510 
Agar 
28 d' 107 ·52 238 186 1167 6.3 6.3 11.9 7.5 2.7 5.0 3.1 
29 \l 102 51 166 115 823 7.2 4.8 6.9 4.6 2.9 4.2 2.8 
30 d' 102 52 188 136 959 7.1 2.8 10.0 5.5 1.5 5.3 2.9 
49 \l 102 52 224 172 1123 6.5 4.1 12.3 7.2 1.8 5.5 3.2 
56 \l 89 58 192 134 836 6.2 8.0 7.8 4.8 4.2 4.1 2.5 
55 d' 82 46 209 163 870 5.3 5.2 11.1 6.0 2.5 5.3 2.9 
------------
--
--
--
----511 
Casein 
31 \l 93 51 224 173 922 5.3 11.3 8.6 6.7 5.0 3.8 3.0 
32 d' 61 54 301 247 778 3.1 10.2 16.1 9.1 3.4 3.5 3.0 
33 \l 93 54 217 163 912 5.6 9.3 8.0 6.8 4.3 3.7 3.1 
54 \l 96 54 215 159 993 6.2 14.8 8.6 5.7 6.9 4.0 2.6 
53 d' 54 45 288 243 687 2.8 10.6 15.5 8.5 3.7 5.4 2.9 
60 d' 54 49 280 231 658 2.8 13.5 13.5 8.3 4:8 4.8 3.0 
----S 12 
Carotene 
34 \l 89 49 176 127 730 5.7 6.5 7.5 4.5 3.7 4.3 2.6 
35 \l 89 49 153 10-1 682 6.6 5.6 7.7 4.5 3.7 5.0 2.9 
36 9 96 53 182 129 824 6.4 7.1 7.6 5.3 3.9 4.2 2.9 
590' 84 55 198 143 714 5.0 2.7 10.4 5.5 1.4 5.2 2.8 
58 d' 56 60 287 237 758 3.2 8.3 14.2 9.0 2.9 4.9 3.1 
57 d' 81 56 250 194 896 4.6 5.2 9.9 8.1 2.1 4.0 3.2 
------------
._ .. 
Weights represent those taken after rats had been denied feed for 48 hours. 
Analysis of blood and tissues 
------
--
--
--
12 13 
I. no. no. 
Liver Blood Liver no. liver blood 
fatty fatty non body fatty fatty 
acids acids saps fat acids acids 
------------
% % % 
------------
6.2 0.5 0.5 105.4 115.4 89.4 
4.6 0.9 0.4 106.9 125.8 45.0 
3.5 0.4 0.1 108.0 178.8 95.8 
5.5 0.7 0.4 106.4 133.9 41.2 
5.2 0.8 0.3 110.7 134.9 39.0 
3.2 0.6 0.2 110.5 150.0 77.8 
------------
3.3 0.3 0.3 104.7 145.1 99.3 
3.1 0.4 0.4 89.1 122.2 40.1 
3.2 0.3 0.2 105.3 126.5 41.3 
3.2 0.4 0.3 89.4 125.9 98.6 
3.3 0.4 0.3 97.2 126.7 45.1 
3.2 0.5 0.2 91.3 133.6 90.6 
--
----------
2.8 0.4 0.2 96.9 126.4 61.8 
2.4 0.4 0.1 96.2 147.8 87.9 
3.0 0.5 0.3 103.1 143.4 94.6 
3.1 0.5 0.6 98.7 140.6 45.3 
. 2.6 0.3 0.3 96.9 181. 4 85.8 
2.2 0.4 0.2 106.0 150.7 61.7 
3.5 0.7 0.3 99.3 115.9 42.7 
3.5 0.6 0.2 92.3 107.6 69.9 
3.3 0.5 0.2 95.9 112.6 75.8 
3.1 0.5 0.2 98.5 114.2 31.0 
2.4 0.5 0.2 93.7 112.3 91.1 
3.2 0.5 0.2 88.1 111.6 84.2 
--
12 
no. 
liver 
non 
saps 
--
--
70.7 
70.9 
68.8 
76.0 
73.5 
78.1 
--
75.4 
55.4 
80.6 
75.1 
69.1 
71.7 
--
...... 
...... 
...... 
...... 
...... 
37.4 
75.1 
49.1 
33.1 
65.1 
71.5 
--
12 
no. 
blood 
non 
saps 
--
--
38.6 
Lost 
48.8 
23.6 
26.8 
34.2 
--
67.9 
54.4 
55.1 
55.1 
63.0 
64.2 
--
...... 
...... 
...... 
...... 
...... 
66.4 
66.9 
49.6 
69.6 
81.4 
73.S 
0\ 
eN 
00 
TABLE 2-continued 
Live wts. and feed consumption Blood and tissue wt. relationships Analysis of hlood and tissues 
--------
--------------
Lot no. No. Feed Total weights % of body wt. I. I. I. I. 
Adjuvant days req. ------------ I. no. no. no. no. 
rilt no. on Ini- Gain Total per Liver Blood Liver no. liver blood liver blood 
and test tial Final in feed gu:" Body Body fatty fatty non body fatty fatty non non 
sex wt. wt. wt. eaten gam fat Liver Blood fat Liver Blood acids acids saps fat acids acids saps saps 
** 
in wt. 
----------
----------------
------------
Gms. Gms. Gms. Gms. Gms. Gms. Gms. Gms. % % % % % % 
---------------------- --
--------------
S 13 
Ca. carbonate 
37 'iI 105 51 167 116 817 7.0 6.6 7.3 3.6 4.0 4.4 2.2 2.9 0.5 0.4 93.9 89.4 106.6 ...... ...... 
38 'iI 64 55 
"iii' 13 2.5 (dried) ...... ...... ...... 1.7 ''OJ' 0.3 99.9 ....... 39 'iI 95 47 130 828 6.3 4.3 7.5 5.5 2.4 4.2 3.1 3.1 0.3 106.2 110.7 45.9* ...... ...... 
64 d' 100 44 201 157 936 6.0 2.0 9.7 7.1 1.0 4.8 3.5 3.2 0.3 0.3 98.0 104.7 111.8 ...... ...... 
63 d' 100 48 178 130 857 6.6 3.5 9.1 5.0 2.0 5.1 2.8 2.9 0.4 0.4 101.5 129.5 107.1 ...... ...... 
62 d' 103 55 241 186 989 5.3 9.1 11.6 7.3 3.8 4.8 3.0 2.7 0.4 0.4 111.6 158.3 94.8 
--------------------
-- ----------------
S 14 
Calcium chloride 
40 'iI 96 53 174 121 811 6.7 8.4 6.7 5.5 4.8 3.8 3.2 3.1 0.5 0.3 90.4 107.7 58.3 80.5 56.9 
41 'iI 104 49 190 141 780 5.5 11.3 9.9 5.0 6.0 5.2 2.6 2.7 0.5 0.3 99.4 169.0 39.3 80.5 81.1 
42 d' 90 50 196 146 852 5.9 3.7 9.5 5.3 1.9 4.8 2.7 2.8 0.4 0.3 100.1 127.6 69.6 84.9 92.8 
61 \I 100 53 204 151 877 5.8 9.9 7.9 5.8 4.9 3.9 2.8 2.2 0.4 0.3 99.3 148.0 33.1 64.6 67.6 
68 d' 98 55 243 188 1048 5.6 8.7 9.9 7.8 3.6 4.1 3.2 3.2 0.5 0.3 100.8 116.0 93.2 79.2 69.1 
67 d' 100 54 238 184 941 5.1 9.3 9.8 7.1 3.9 4.1 3.0 3.2 0.4 0.2 97.8 123.6 91.5 73.5 74.8 
41" 'iI 86 54 207 153 826 5.4 9.0 12.0 6.5 4.4 5.8 3.1 1.8 0.3 0.3 96.6 160.2 56.1 77.3 51.6 
------------------
---- ----
------------
SIS 
Calcium lactate 
43 '? 100 49 168 119 741 6.2 9.1 7.6 4.1 5.4 4.5 2.4 3.0 0.4 0,4 95.3 91.2 107.4 ...... ....... 
44 '? 100 53 181 128 818 6.4 9.3 8.6 5.0 5.1 4.7 2.8 3.1 0.3 0.3 109.7 114.0 62.8 
45 r:J' 103 46 204 158 1009 6.4 3.1 9.2 3.7 1.5 4.5 1.8 3.3 0.6 0.3 97.1 154.1 97.3 ...... ...... 
66 'iI' 98 53 183 130 782 6.0 7.1 7.0 5.0 3.9 3.8 2.7 2.7 0.3 0.6 96.3 139.3 59.6 
65 r:J' 98 53 186 133 768 5.7 2.9 10.3 5.4 1.6 5.5 2.9 2.7 0.3 0.2 101.2 116.0 63.9 ...... ...... 
72r:J' 98 57 162 105 804 7.7 2.6 7.6 5.6 1.6 4.7 3.5 3.2 0.4 0.6 100.5 111.6 57.1 ...... ...... 
----------------------
----
------------
S 16 
Lactose 
46 '? 101 57 211 154 1030 6.7 2.8 6.8 6.2 1.3 3.2 2.9 2.8 0.4 0.4 102.4 140.4 102.6 ...... ...... 
47 \I 95 57 165 108 924 8.5 0.6* 9.9 5.5 0.4 6.0 3.3 2.8 0.5 0.4 * 137.4 58.7 ...... ....... 
48a r:J' M 52 163 111 684 6.1 0.9* 8.8 6.1 0.6 5.4 3.7 3.3 0.4 0.4 * 112.6 108.2 ...... ...... 
71 d' 95 58 161 103 850 8.2 0.4* 7.0 4.6 0.3 4.3 2.9 2.7 0.4 0.4 * 138.0 100.5 ...... ...... 
70 d' 75 53 251 198 910 4.6 4.5 10.5 7.8 1.8 4.2 3.1 3.2 0.4 0.2 97.5 128.2 43.1 ...... ...... 
69 'iI 87 61 167 106 920 8.7 8.0 8.1 5.4 4.8 4.8 3.2 3.0 0.6 0.4 103.6 115.4 92.9 ...... ...... 
• All rats under carbon dioxide In refrigerator, which "failed" in bot -weather. Gas expanded and llopped out ItoPllers. 
These fats of very small volume were oxidized before damage was discovered. 
**Weights represent those taken nfter rats hnd been denied feed for 48 hours. 
0\ 
CN 
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TABLE S. DATA PERTAINING TO LIVE WEIGHTS AND FEED CONSUMPTION, BLOOD AND TISSUE RELATIONSHIPS, AND 
CERTAIN BLOOD AND TISSUE' ANALYSES OF RATS FED VARIOUS ADJUVANTS. AVERAGE FIGURES. 
Experiment No. I 
-- ---- -----
No. 
Live wts. and feed consumption Blood and tissue wt. relationships Analysis of blood and tissues 
--------- 1---days Feed Total weights % of body weight 12 12 1. 
Lot no. on lni- Gain Total req. ----,---------- Liver . Blood Liver no. no.. no. 
test tial Final in . feed per !1m. Body Body fa~~ fa~~ non body I liver blood 
wt. wt. wt. eaten gam fat Liver Blood fat Liver Blood aa aa s saps fat fat~ fatty 
in wt. aci acids 
---------------------
~ 
------------------------------Av. ~v. Av. Av. Av. Av. Av. Av. Av. Av. Av. Av. Av. Av. Av. Av. Av. Av. 
---------------
------------------------------Gms. Gms. (;ms. Gms. Gms. Gms. Gms. Gms. % % % % % % 1- -..--
5 1 82 51 193 135 944 6.7 7.4 8.9 5.8 3.9 4.6 2.9 3.2 0.6 0.1 65.0 103.3 50.7 
5 2 86 53 219 167 803 5.2 10.0 10.1 6.5 4.6 4.6 3.0 2.5 0.5 0.3 107.5 136.2 65.0 
5 3 95 54 172 118 870 7.6 3.6 8.3 5.3 2.0 4.9 3.1 3.4 0.4 0.3 101.2 91.0* 36.2* 
5 4 94 54 216 162 875 5.5 8.4 10.6 6.1 3.8 4.9 2.1 3.3 0.5 0.4 105.7 71.1* 22.5* 
5 5 95 50 199 150 865 5.8 7.4 9.4 6.3 3.8 4.1 3.2 3.2 0.4 0.2 110.5 lU.6 68.6 
5 6 102 54 214 160 951 6.0 8.7 9.3 5.9 4.0 4.3 2.7 3.1 0.5 0.3 106.6 116.7 86.5 
5 7 102 54 202 150 964 6.2 5.2 9.0 6.3 2.6 4.4 3.1 3.1 0.4 0.4 97.9 142.1 80.0 
5 8 94 54 210 157 924 6.0 5.8 9.8 5.9 2.1 4.6 2.8 3.1 0.5 0.3 96.6 130.7 69.8 
5 9 89 54 218 167 770 4.8 12.5 9.5 6.5 5.7 4.4 3.0 4.7 0.7 0.3 108.0 139.8 64.7 
510 97 52 203 151 963 6.4 5.2 10.0 5.9 2.6 4.9 2.9 3.2 0.4 0.3 96.2 130.0 69.2 
511 75 51 254 203 825 4.3 11.6 11.7 7.5 4.7 4.5 2.9 2.7 0.4 0.3 99.6 148.4 72.8 
512 82 54 208 156 767 5.2 5.9 9.6 6.1 2.9 4.6 2.9 3.2 0.5 0.2 94.6 112.4 65.8 
513 101 50 193 144 885 6.3 5.1 9.0 5.7 2.6 4.7 2.9 3.0 0.4 0.3 102.2 118.5 105.1 
S 14 96 53 207 155 876 5.4 8.6 9.4 6.1 4.2 4.5 2.9 2.7 0.4 0.3 97.8 136.0 63.9 
515 100 52 181 129 820 6.4 5.7 8.4 4.8 3.2 4.6 2.7 3.0 0.4 0.4 100.0 121.0 74.1 
S 16 90 56 186 130 886 7.1 2.9 8.5 5.9 1.5 4.6 3.2 3.0 0.4 0.4 101.1 128.1 84.3 
. -
'"Ether used in extracting fatty acida contaminated. 
~ 
641 
There was apparently no relationship between the iodine num-
ber of the body fats and the sex or the gain in weight of the rats. 
Neither were the iodine numbers affected by the number of days 
-which the rats were on test. Feeding periods varied in length 
from 75 to 102 days. 
The iodine numbers of the fatty acids of the livers and bloods 
of the rats apparently bore little relationship to each other or to 
the iodine numbers of the body fats of the rats, with the exception 
that in the instances of Lot S 1 (low fat) and Lot S 12 (carotene), 
the lower iodil1e values of the body fats seemed to be accompanied 
by lower iodine values of the fatty acids of the livers of the rats. 
After the iodine values of the non saponifiable fractions of the 
livers and bloods of a number of the lots of rats had been de-
termined it appeared that further determinations of this sort would 
-add little of value to this problem and therefore they were dis-
continued. 
EXPERIMENT II 
From an analysis of the foregoing. results it appeared that fur-
ther study of the feeding of carotene might be of value, and a second 
experiment therefore was set up in part for this purpose. In 1938, 
S. M. Das Gupta -(8) reported that "the feeding of carotene to 
cows seemed to result in an increase in the Reichert and iodine 
numbers of their butter fat, indicating that carotene may play 
some part in the oxidation and dcsatftration of fatty acids in the 
animal body." Since a great deal of research (12a) had shown 
that choline and niacin greatly influenced the deposition of fat in 
the livers of rats, it was decided to feed two lots of rats in this 
experiment choline chloride and niacin as adjuvants to their diet. 
PROCEDURES 
In this experiment six lots of seven rats each, all males, were 
individually caged, fed and attended, as described in Experiment 
1. The basal diet fed differed from that used in Experiment I in 
that corn starch replaced sucrose and 1 percent of yeast vitamin 
concentrate (Harris) was fed instead of 2 percent of yeast. The 
composition of diets fed is shown in table 1. 
. The carotene feeding solution was prepared by mixing 1. gram 
of carotene in 432 drops of soybean oil. Some of the carotene went 
into solution while the remainder stayed in suspension. This 
carotene suspension was thoroughly stirred and shaken each time 
it was fed. Three times weekly each rat in Lot S 20 received 1 
drop of the carotene suspension, the rats if! Lot S 21 each re-
ceived 2 drops and the rats in 1;.ot S 22 each received 4 drops. 
Thus, since the same dropping pipette was used in all operations, 
the rats in Lot S 22 received approximately twice as much 
642 
carotene and the rats in Lot S 20 one-half as much carotene as 
did the rats in Lot S 21, and approximately the amounts of 
carotene in their diets as specified in table 1. The rats in Lot S 
21 received about the same amount of carotene weekly as was fed 
the rats in Lot S 12 in Experiment I (see table 1). 
The rats were kept on test from 73 to 79 days. At the end of 
this time they were anesthetized with ether and the intestinal tracts 
removed. The bloods and livers' of these rats were not removed, 
but instead the entire body of each rat minus the intestinal tract 
was frozen and then ground up and rendered in the autoclave. 
The samples of extracted body fat were not, as in the first ex-
periment, stored under carbon dioxide until analyzed, but instead 
were stored in dry ether solution. This small volume of ether (50 
m!.) was removed at room temperature in a vacuum desiccator at 
the time of analysis. Thus, the possibility of the oxidation of the 
fat in the event of the failure of the refrigerator, such as occurred 
in the case of a few samples of the preceding experiment, was 
minimized. 
RESULTS' 
The rats used in this experiment grew much more uniformly 
than those used in' Experiment I and there were few outstanding 
differences among them in rate of growth or appearance. 
The data obtained in this experiment are compiled in tables 4 
and 5. An examination of table 4 shows that there was less di-
vergence between the iodine numbers of the rats within a lot than 
there was in the first experiment. 
The body fats which exhibited the lowest average iodine values 
were those of the rats in Lot S 20 (.0070 gm. carotene), whereas 
the body fats of the rats of Lots S 21 (.014 gm. carotene) and S 22 
(.028 gm. carotene) presented somewhat higher average, iodine 
values, approximating those of the body fats from the rats in 
Lot S 17 (basal diet). There was no evidence that the feeding 
of choline chloride or niacin had influenced consistently the hard-
ness of the deposited body fat. 
DISCUSSION 
No single explanation can be offered for the divergence of the 
results obtained in Experiments I and II from the feeding of 
carotene. In the first experiment sucrose was fed, whereas in the 
second experiment starch had replaced the sucrose. Workers in 
the field of vitamins, especially those who have investigated the 
B complex vitamins, have found that rats which received starch 
in their diets did not produce the same results as those which 
received sucrose. Differences of function between starch and 
sucrose in the diet of rats were also apparently found by Griffith 
(12A) in his studies of the choline requirements of rats. 
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TABLE 4. DATA PERTAINING TO LIVE WEIGHT AND FEED OONSUMP· 
TION; AND THE IODINE NUMBERS OF THE BODY FAT OF RATS 
FED VARIOUS ADJUVANTS. EXPERIMENT NO. II. 
Initial Final Gain in Total feed' Feed eaten 
Lot no. Days body wt.** bodywt. body wt. eaten pergm.gain 12 no. 
Rat no. on body fat 
Adjuvant test Gms. Gm •. Grns. Grns. Gms. 
S 17 
Basal diet 
1 77 64 266 202 984 4.9 107.6 
2 17 62 289 227 1022 4.5 107.2 
3 77 64 295 • 231 988 4.3 104.3 
4 77 73 330 257 1116 4.3 106.1 
5 77 71 295 224 1057 4.7 107.8 
6 17 67 280 213 991 4.6 107.9 
7 17 66 285 219 987 4.5 103.4 
S 18 
Choline 
8 78 65 301 236 lOSS 4.5 103.4 
9 78 63 249 186 895 4.8 105.2 
10 78 63 324 261 990 3.8 105.2 
11 78 70 305 235 975 4.1 101.1 
12 78 60 273 213 962 4.5 100.5 
13 78 64 266 202 897 4.4 99.7 
14 78 66 318 252 1036 4.1 101.1 
S 19 
Niacin 
15 79 65 250 185 931 5.0 101.3 
16 76 79 363 274 1130 4.1 103.5 
11 76 70 241 177 832 4.1 102.4 
18 76 66 293 227 978 4.3 104.0 
19 70 67 287 220 863 3.9 103.4 
20 76 64 318 254 1078 4.2 103.6 
21 73 67 279 212 917 4.3 102.5 
S 20 
Carotene 
22 77 66 297 231 983 4.2 99.3 
23 77 72 306 234 1097 4.7 99.6 
24 77 78 296 218 1011 4.6 102.7 
25 73 63 231 168 747 4.4 97.1 
26 77 65 324 259 1086 4.2 101.1 
27 77 71 303 232 1023 4.4 104.9 
28 77 70 313 243 1051 4.3 101.6 
S 21 
Carotene 
29 78 69 310 241 1028 4.3 107.8 
30 78 80 341 260 1075 4.1 109.5 
31 * * * * * * * 32 78 71 304 233 959 4.1 108.6 
33 78 69 305 236 985 4.2 107.2 
34 78 74 255 181 815 4.5 107.3 
35 78 71 260 189 866 4.6 107.0 
S 22 
Carotene 
36 79 80 286 206 913 4.4 107.3 
37 79 76 335 259 1106 4.3 108.8 
38 75 72 308 236 1000 4.2 108.2 
39 79 78 279 201 890 4.4 107.5 
40 79 75 309 234 1031 4.4 105.0 
41 79 78 266 188 910 4.8 104.4 
42 79 77 300 223 984 4.4 103.9 
*Rat No. 31 became vicious and unmanageable and waR eliminated. 
"'Welghts represent those taken after rnls had been denied feed for 48 hours. 
644 
TABLE 5. DATA PERTAINING TO LIVE WEIGHT AND FEED CON$U1>j:P· 
TION; AND THE IODINE NUMBERS OF THE BODY FAT OF RATS 
FED VARIOUS ADJUVANTS. AVERAGE FIGURES. 
EXPERIMENT NO. II. 
Days Initial Final Gain in Total feed 
on body wt.** body wt. body wt. eaten Feed eaten 12 no. 
Lot no. test avo avo avo avo per gm. gain bodY fat 
Adjuvant avo avo 
Gms. Gms. Gms. Gms. 
S 17 
4.5 basal diet 77 67 291 225 1021 106.3 
S 18 
basal diet + 
~~o~~~line 78 64 291 226 973 4.3 102.3 
S 19 
basal diet + 
1% niacin 75 68 291 221 961 4.4 103.0 
S 20 
basal diet + 
0.0070 gm. 
carotene 
weekly 76 69 296 226 1000 4.4 100.9 
S 21 
basal diet + 
0.0140 gm. 
carotene 
weekly 78 72 296 223 9SS 4.3 107.9 
S 22 
basal diet + 
0.028 gm. 
carotene 
weekly 79 77 298 221 976 4.4 106.5 
**Weights represent those taken after rats had been denied feed for 48 hours. 
In the first experiment, the carotene was fed in a vehicle of 
coconut oil. While it was appreciated that the inclusion of any 
considerable amount of coconut oil in the diet of rats would lower 
the iodine values of their body fats, it was considered in the light 
of Schoenheimer's work on the rapid turnover of fats in the 
body, that the small amount of coconut oil fed would not influence 
significantly the results obtained. Each rat received only 0.50 
gram of coconut oil per week; as against 6 to 9 grams of soybean 
oil. If each rat, contrary to the work of Schoenheimer, Sinclair 
and others, had selectively stored all the coconut oil fed during 
the progress of the experiment it would have amounted to· less 
than 6 grams per rat, as against 68 to 90 grams of soybean oil 
which these rats had ingested. If the small inclusions of coconut 
oil could have influenced the body fat deposited a further study of 
this effect might be worthwhile. 
The work of Basu (4A) which showed that the absorption of 
carotene from the intestinal tract was dependent upon the simul-
taneous presence of a suitable fat or oil also might possibly be con-
sidered in this connection. In both of the experiments here re-
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po.rted, however, the concentration of soybean oil in the intestinal 
tracts of the rats which received the carotene should have made 
the conditions there, as far as the oil content was a factor, ap-
proximately the same in both experiments, even though in the 
first experiment the carotene was dissolved in a modicum of 
coconut oil. Of interest, too, are the papers by Monaghan and 
Schmitt (18), by Sumner (25A), by Quackenbush, Cox and 
Steenbock (19) and by Hove (16A), which are concerned with 
the oxidation of carotene in vitro under certain special conditions. 
It is not, however, probable that any of the considerations speci-
fied in these papers would apply to the experiments as conducted 
in this research. 
It would seem that ordinarily this relationship of carotene to 
fat metabolism might be worthy of immediate further study. 
Also, since in the first trial some of the other adjuvants appeared 
to affect the firmness of the body fats deposited further experi-
mentation with these might also provide some data contributing 
to a fuller understanding of the fundamentals of fat metabolism. 
However, if the data obtained with rats are indicative of what 
might be expected in practice if pigs were fed rations containing 
these adjuvants, it does not appear that this study would lead to 
results of practical value in the solution of the problem of "soft" 
pork. 
( 1) 
(2) 
( 3 ) 
( 4 ) 
(4A) 
( 5 ) 
( 6) 
( 7 ) 
( 8 ) 
( 9 ) 
(10) 
(11) 
(12) 
(12A) 
(13) 
(14) 
(15) 
(16) 
(16A) 
(17) 
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